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a b s t r a c t
Aim: To evaluate the antioxidant capacity and concentrations of vascular endothelial
growth factor (VEGF) and interleukin 6 (IL-6) in aqueous humor from patients with type
2 diabetes mellitus (T2DM) with or without retinopathy.
Methods: Aqueous humor was obtained during elective cataract surgery from T2DM patients
with or without retinopathy and from healthy subjects. Reducing response was evaluated by
MTT dye reduction and the generation of reactive oxygen species (ROS) was determined by
chemiluminescence assay. Granulocytes were treated with phorbol dibutyrate (PDB)-stim-
ulated. Cytokines were quantified by ELISA.
Results: Antioxidant capacity of aqueous humor from patients with retinopathy was greater
(P < 0.05) than that of healthy controls or persons with diabetes without retinopathy. ROS
production in PDB (protein kinase C activator)-stimulated granulocytes from T2DM patients
with or without retinopathy was inhibited by autologous aqueous humor. Concentrations of
VEGF and IL-6 were similar in aqueous humor from healthy controls and from patients
without retinopathy, but lower (P < 0.05) than those from T2DM patients with retinopathy.
Plasma levels of VEGF and IL-6 were similar (P > 0.05) in healthy controls and in T2DM
patients with and without retinopathy.
Conclusion: Aqueous humor from T2DM patients with retinopathy exhibits elevated anti-
oxidant activity with significant suppressive effect on ROS production and enhanced levels
of locally secreted VEGF and IL-6 in comparison with T2DM patients without retinopathy.
These results suggest an inflammatory profile in the absence of typical oxidative stress for
T2DM patients with retinopathy, possibly resulting from the compensatory antioxidant
response detected in the aqueous humor improving the ocular redox state.
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Aqueous humor is located inside the anterior and posterior
chambers of the eye and supplies nutrients to the non-
vascularized cornea, lens and trabecular meshwork. Certain
physiological or pathological states of the retina can affect the
composition of the aqueous humor [1,2] and biomarkers
associated with a number of pathological processes, including
vascular diseases, arteriosclerosis, ischemia, necrosis and
inflammation, can be detected in this fluid. It is assumed,
therefore, that the profile of the aqueous humor can afford
useful information relating to inflammatory processes in the
eyes [3].
Retinopathy is the most common microvascular compli-
cation in patients with diabetes, and its onset and progres-
sion are associated with chronic hyperglycemia, increased
oxidative stress and elevated inflammatory cytokines.
Enhanced levels of vascular endothelial growth factor
(VEGF) and interleukin 6 (IL-6) in the aqueous humor from
patients with retinal vein occlusion have been reported, and
an association between the upregulation of these proin-
flammatory cytokines and serous retinal detachment has
been proposed [4–6]. Moreover, it has been suggested that
patients with retinopathy exhibit increased generation of
reactive oxygen species (ROS) in aqueous humor and plasma
[7]. Interestingly, the oxidative damage to the lens that
occurs in cataract formation can be reversed in vitro by
treatment with an antioxidant (ROS scavenger) such as
pyruvate or ethyl pyruvate, suggesting that the prophylactic
intake of antioxidants may be beneficial in delaying the
onset of manifestations of aging such as cataract develop-
ment [8].
Oxidative stress is defined as an increase in the oxidative
metabolic response in the absence of a concomitant increase
in the reductive metabolic response. An oxidative profile
(redox imbalance in which the oxidative response is greater
than the reductive response) may induce tissue damage, while
a reductive profile may be associated with tissue protection.
Information concerning redox imbalance and the inflamma-
tory cytokine profile in the aqueous humor may provide an
indication of the severity of pathological response in the retina
of patients with diabetes.
The aim of the present study was to evaluate the capacity of
aqueous humor to neutralize ROS generation in autologous
granulocytes from type 2 diabetes mellitus (T2DM) patients
with and without retinopathy, and to determine the levels of
cytokines VEGF and IL-6 in the plasma and aqueous humor
from patients with diabetes and healthy controls.
2. Material and methods
2.1. Ethical approval
The Ethical Committee from Santa Casa Hospital of Belo
Horizonte – Brazil approved this study and the informed
consent was obtained of all participants. Patients suffering
from type 2 diabetes (diagnosed according to the criteria of the
American Diabetes Association).2.2. Study population
Participants were recruited from patients scheduled to
undergo cataract surgery at the Ophthalmology Center of
the Santa Casa Hospital, Belo Horizonte, Brazil. Volunteers
were within the age range of 30–80 years and included
individuals presenting T2DM as well as healthy individuals.
Prior to the study, all volunteers were submitted to full
physical examinations, and detailed evaluations of medical
histories and laboratory data were carried out. Subjects
presenting dementia, inflammation, infection or malignant
disease were excluded from the study, as were pregnant
women and individuals with alcohol or tobacco dependency.
The final study population comprised 15 T2DM patients
presenting retinopathy, 15 T2DM patients without retinopa-
thy, and 15 healthy control. Patients with diabetes were under
statins, beta-blockers, besides hypoglycemic drugs. A blood
sample and a 100 mL aliquot of aqueous humor were collected
from each patient at the time of the cataract surgery.
2.3. Separation of granulocytes
A modified version of the Ficoll-Hypaque gradient method
described by Bicalho et al. [9] was employed to purify
granulocytes from heparinized venous blood. Briefly, blood
samples (10 mL) were subjected to double Ficoll-Hypaque
gradients of different densities in order to generate three
interfaces after centrifugation. The fraction at the first interface
from the top was rich in peripheral blood mononuclear cells
while that at the second interface comprised granulocytes. The
cellular viability of each sample was determined using the
trypan blue exclusion test and was found to be >90% in all cases.
2.4. Reductive response
The MTT dye [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide] method [10] was employed to estimate
reductive response. Assay mixtures containing 50 mL of
aqueous humor and 300 mL of phosphate buffered saline
(PBS; pH 7.3) were incubated with 25 mL of an MTT solution
(5.0 mg/mL in PBS) for 3 h at 37 8C. Reactions were stopped by
the addition of 1.5 mL of 0.04 M hydrochloric acid in
isopropanol, the mixtures centrifuged for 10 min at 200  g,
the supernatants collected and their absorbencies measured
at 570 nm.
2.5. Oxidative response
A luminol-based chemiluminescence method was employed to
determine oxidative response. In each assay, 200 mL of luminol
dissolved in 0.4 M dimethyl sulfoxide was mixed with a 100 mL
aliquot of a suspension of granulocytes (1  105/100 mL) in PBS.
In order to determine the activation of ROS production, some
assays were carried out in the presence of the protein kinase
C (PKC) activator phorbol dibutyrate (104 M). In other experi-
ments, autologous aqueous humor (50 mL) was added to the
assay mixture together with phorbol dibutyrate. In all cases, the
final volume of the assay mixture was adjusted to 700 mL with
PBS, and chemiluminescence was measured over a 30 min
period using a Turner Biosystems model 20/20n Luminometer.
Fig. 1 – Modulation of oxidative metabolic response in
granulocytes by autologous aqueous humor from healthy
controls and from patients presenting Type 2 diabetes
mellitus (T2DM); ROS = reactive oxygen species;
RLU = relative light units; G = granulocytes;
PBS = phosphate buffered saline; PDB = phorbol dibutyrate
(10S4 M); AH = aqueous humor; *P < 0.05 G + PBD vs. G + PBS.
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(VEGF) and interleukin 6 (IL-6)
Concentrations of cytokines in aqueous humor were deter-
mined using Assay Designs (Enzo Life Sciences) sandwich
ELISA kits. Plates were read at 450 nm on an automated ELISA
plate reader, and the levels of VEGF and IL-6 determined from
standard curves constructed using recombinant cytokines.
2.7. Statistical analysis
Significances of between-group differences in mean values of
reducing response, oxidizing response and cytokine concen-
trations were investigated using the Student t test with the
alpha level set at 0.05. Mann–Whitney and Student ‘‘t’’ tests
were used for evaluation non-parametric and parametric data.
3. Results
3.1. Aqueous humor antioxidant profile
The total reducing (antioxidant) powers (expressed as optical
densities at 570 nm) of samples of aqueous humor derived
from healthy subjects and from T2DM patients, with and
without retinopathy, are shown in Table 1. The aqueous
humor from T2DM patients with ocular lesion exhibited a
significantly higher (P < 0.05) total reducing power in compar-
ison with the values established for patients with diabetes
without retinopathy and for healthy controls. The antioxidant
capacity of aqueous humor was measured directly by MTT dye
reduction assay and the percentage of activation were 56.0%
and1.5% for T2DM with or without retinopathy, respectively.
3.2. Supressive effect of aqueous humor on ROS
generation by granulocytes
The presence of phorbol dibutyrate in the assay mixtures, the
generation of ROS in granulocytes increased of 178, 560 and
358% for healthy subjects, T2DM without or with retinopathy,
respectively (Fig. 1). The induction of ROS generation by
phorbol ester was significantly higher (P < 0.05) in T2DMTable 1 – Total reducing response of aqueous humor
from healthy controls and from patients presenting Type
2 diabetes mellitus (T2DM) with and without retino-
pathy.
Source of aqueous
humor
Total reducing response
(OD570 nm  103) % of activation
1. Healthy controls 95.2  4.0* –
2. T2DM patients
without retinopathy
96.7  8.4* 1.5
3. T2DM patients with
retinopathy
149  4.5y 56.0
All data are mean  SD values determined using the MTT dye
reduction method.
Values bearing different symbol are significantly different
(P < 0.05); n = 15 for each group.
OD = optical density.patients compared with healthy controls, but ROS activation
was less pronounced in granulocytes from T2DM patients with
diabetes presenting complication in comparison with patients
without retinopathy. Assays conducted in the presence of
autologous aqueous humor revealed considerable inhibition
of the phorbol ester-induced activation of ROS production in
granulocytes from healthy controls (41.0%) and T2DM patients
without (60.0%) and with complication (72.2%). Antioxidant
capacity of aqueous humor was greater in patients than
healthy control (Fig. 1)
3.3. Levels of VEGF and IL-6 aqueous humor and plasma
A comparative analysis was performed in order to evaluate the
possible association between cytokines in the aqueous humor
and that found in the serum. The results are shown in Table 2
and demonstrated that the concentrations of the cytokines
VEGF and IL-6 detected in plasma from healthy controls and
from T2DM patients without and with retinopathy were
similar (P > 0.05). In contrast, the levels of VEGF and IL-6 in the
aqueous humor of T2DM patients with retinopathy were
significantly higher (P < 0.05) than those observed in samples
of aqueous humor from T2DM patients without retinopathy
and from healthy controls, and significantly higher (P < 0.05)
than the levels detected in plasma from T2DM patients with
complication.
VEGF aqueous humor from T2DM with complication was
310.0% greater than that observed for healthy control.
However, when the same comparison was performed for
plasma VEGF no significant alteration was found (27.0%).
Similar results we observed for aqueous and plasma IL-6.
Aqueous and plasma IL-6 from T2DM with retinopathy were
515.0% and 33.0% greater than healthy control, respectively.
4. Discussion
The results presented herein reveal that, while the direct
reducing responses in aqueous humor derived from T2DM
patients without ocular lesion and from healthy controls were
similar (P > 0.05), the response observed in aqueous humor
from T2DM patients with retinopathy was significantly greater
Table 2 – Levels of vascular endothelial growth factor (VEGF) and interleukin 6 (IL-6) aqueous humor and plasma from
healthy controls and from patients presenting Type 2 diabetes mellitus (T2DM).
Donors VEGF (pg/mL) IL-6 (pg/mL)
Aqueous humor Plasma Aqueous humor Plasma
1. Healthy controls 26.2  2.8 42.4  6.3 38.1  6.1 31.2  9.0
2. T2DM patients without retinopathy 23.7  5.2 31.9  3.8 59.0  11.4* 30.0  4.1
3. T2DM patients with retinopathy 107.6  9.1y,z 31.0  9.2 234.7  15.9y,z 41.6  9.3
n = 15 for each group.
* Value for IL-6 expressed in Line 2 (T2DM patients without retinopathy) from aqueous humor differ from values expressed for plasma (P < 0.05).
y VEGF and IL-6 from aqueous humor expressed in Line 3 (T2DM patients with retinopathy) differ from Lines 1 (healthy controls) and 2 (T2DM
patients with retinopathy) (P < 0.05).
z VEGF and IL-6 expressed in Line 3 (T2DM patients with retinopathy) from aqueous humor differ from plasma (P < 0.05).
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humor from T2DM patients with complications were signifi-
cantly higher (P < 0.05) than those in samples of aqueous
humor from T2DM patients without retinopathy and from
healthy controls. Thus, aqueous humor from T2DM patients
with ocular lesion was particularly effective at neutralizing the
oxidative response in phorbol ester-stimulated granulocytes.
It is believed that ROS production may be enhanced in the
eyes of patients with diabetes [7] and that mitochondria in
human lens epithelial cells represent one of the major sources
of ROS [11]. Cataractogenesis, along with various other
alterations that occur in ocular tissues during aging, is
considered to be closely associated with the level of ROS in
the aqueous humor. On this basis, it has been suggested that
the prophylactic intake of antioxidants might reduce the
production of ROS and diminish the effects of free radical-
induced oxidation [8,11]. However, the application of antioxi-
dant therapy for the down-regulation of pathological mecha-
nisms in the eye remains largely an open question.
The levels of diglycerol (DG), a physiological activator of PKC
in vivo, are increased in T2DM patients through activation of
phospholipase C (PLC) by hyperglycemia. In order to mimic the
DG effect, the in vitro PKC activator phorbol dibutyrate was
employed to stimulate ROS generation in granulocytes in the
present study. It is important to note that granulocytes are the
first cell type to arrive in the inflammation site. ROS generation
is significantly greater in granulocytes from T2DM than that
from healthy control (Fig. 1). It is suggested that higher ROS
production in cells from T2DM may be a consequence of
activation of PLC–DG–PKC signaling pathway by hyperglycemia.
Our present results revealed that aqueous humor possessed a
reductive (antioxidant) power that was sufficient to down-
regulate ROS production in inflammatory granulocytes. It is
possible that the oxidizing species were neutralized by
reductive constituents of the aqueous humor, or that PKC
and/or NADPH-oxidase were down-regulated by some compo-
nents of the aqueous humor. In respect of the latter hypothesis,
a direct effect on PKC would seem unlikely since high levels of
VEGF were detected in aqueous humor and synthesis of this
cytokine depends on PKC activation. However, a direct or
indirect effect on NADPH-oxidase may be considered in
conjunction with a neutralization of oxygen species by aqueous
humor, perhaps involving the oxidation of a specific protein. In
this context, it may be noted that oxidized proteins can act as
proinflammatory agents as, for example, in advanced glycation
end-products (AGEs). Granulocytes from T2DM patients withretinopathy showed lesser activation of PKC by phorbol ester
and suffered a greater antioxidant effect of autologous aqueous
humor than observed in healthy control and T2DM patients
without eye complications. It may suggest a compensatory
oxidizing/reducing metabolic responses in T2DM with retinal
complications (Fig. 1).
In spite of the possible neutralization of oxidizing species by
reducing defenses present in the eye, ocular lesions (retinopa-
thy) are common in patients with diabetes. This might imply
that, along with the oxidizing effectors that cause retinal
damage, other soluble or cellular mediators must be present
inside the eye in order to promote the pathological consequence
of diabetes which are associated with angeogenesis process in
the eyes. Such mediators may be associated with the enhanced
secretion of proinflammatory cytokines such VEGF or IL-6. It has
been reported that higher concentrations of primary lipid
peroxidation (LPO) products (diene conjugates, lipid hydroper-
oxides) and end fluorescent LPO products are present in the lipid
moiety of aqueous humor derived from patients with cataracts
in comparison with those not presenting this condition [11].
Moreover, the aqueous humor from patients with diabetes is
unusual with regard to cellular and disease processes [3]. Thus,
some soluble mediators (i.e. CD40 protein, C reactive protein,
erythropoietin, IL-1 receptor antagonist, IL-8, leptin, macro-
phage-derived chemokine, matrix metalloproteinase-2 and
VEGF) have been found to be up-regulated in the aqueous
humor from patients with retinopathy, while others (i.e.
creatine kinase-MB, glutathione S-transferase and tumor
necrosis factor-b) are down-regulated [12–15]. However, Kaway
et al. [16] have reported the significant high level of reduced
albumin (mercaptoalbumin) in the aqueous humor from T2DM
patients with retinopathy in comparison to the aqueous humor
form T2DM patients without retinopathy. We observed a strong
antioxidant property in aqueous humor from healthy control or
from T2DM patients (Table 1 and Fig. 1). This antioxidant profile
could be associated with high content of protein as demon-
strated by proteomic analysis [17]. We also have previously
demonstrated that serum protein (albumin) is able to reduce
non-enzymatically tetrazolium salt (MTT) [10]. The reducing
power of the aqueous humor from patients with retinopathy
was significantly greater that those without complications or
healthy control (Table 1). It suggests a protective manner inside
the eyes to balance the oxidizing response.
In the present study, the secretions of VEGF and IL-6 in
aqueous humor from T2DM patients without retinopathy were
found to be similar (P > 0.05) to those observed in healthy
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in T2DM patients with retinal pathology. Interestingly, plasma
levels of VEGF and IL-6 did not differ (P > 0.05) between healthy
controls and T2DM patients without or with retinopathy. These
results suggest that the cytokines found in the aqueous humor
do not derive from plasma but rather result from in situ
secretion. The increase VEGF and IL-6 may represent biomark-
ers for early detection and prognosis of retinopaty associated
with diabetes, as suggested by Cheung et al. [18]. These authors
quantified 22 different inflammatory cytokines, VEGF and
chemokines. Only VEGF and IL-6 were significantly increased
in aqueous humor from T2DM patients with retinopaty.
Mechanisms involved in retinopathy are, however, clearly
complex and depend on a variety of unknown factors such as
the intricate associations between hyperglycemia, ischemia
and hypoxia that may modulate the cellular redox state and
trigger angioneogenesis, and complication in the eyes.
Aqueous humor antioxidant profile may be protective or
not. The possible direct interaction between ROS and protein
leading to oxidized protein determining a pro inflammatory
state in the eyes needs to be considered. However, we have
observed similar antioxidant profile in aqueous humor from
healthy control and in T2DM without retinopathy in the
absence of significant increases in VEGF and IL-6. It may
suggest the absence of a direct association between antioxi-
dant profile of aqueous humor and the level of pro inflamma-
tory cytokines. The results obtained in the present study
demonstrate an antioxidant response inside the eye, possibly
protective and the in situ secretion of cytokines Since no
association could be detected between plasma levels of VEGF
and IL-6 and concentrations found in the aqueous humor, any
future validation of results concerning the pathophysiology of
retinopathy of diabetes should focus on evaluating aqueous
humor rather than plasma.
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